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(54) METHOD OF CONTROLLING A MULTI-PHASE ELECTRICAL MACHINE

(57) A method of controlling a 3n-phase electrical
machine (7) by means of n power converters (3a, 3b)
each being controlled by a respective controller, and
each power converter (3a, 3b) being configured to power
arespective set of three phases of the electrical machine
(7), wherein the method for each controller comprises:
a) obtaining measured currents (ia,i, ib,i, ic,i, ia,2, ib,2,
ic,2) of the set of three phases of the electrical machine
(7) controlled by the controller, b) estimating all currents

(idq, 2, idqg, 1) of all the other sets of three phases of the
electrical machine (7), which are controlled by the other
controllers, c) transforming the measured currents (ia,1,
ib,1, ic,1, ia,2, ib,2, ic,2) and all the estimated currents
(idq, 2, idq, 1) using vector space decomposition, VSD,
to obtain a set of VSD currents, and d) controlling the
corresponding power converter based on the VSD cur-
rents.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure generally relates to mul-
ti-phase electrical machines and in particular to a method
of controlling a multi-phase electrical machine.

BACKGROUND

[0002] In the literature, there are two main theories for
the control of 3n-phase machines. These are the what is
often referred to as the dual three-phase (DTP) and the
vector space decomposition (VSD) theories. The latter
is a comprehensive way of controlling a multi-phase ma-
chine by means of multiple drives. Specifically, the VSD
transform provides insight about the low-order harmon-
ics. Thus, it enables the controller to eliminate them and
improve the machine current in terms of quality.

[0003] The control of a multi-phase machine using the
VSD approach requires the execution of some basic
transformations in the machine currents. The VSD trans-
form provides mutually orthonormal subspaces of the
fundamental frequency and lower harmonics. In case of
a dual three-phase machine, the six measured currents
are typically first transformed to the of, the xy, and the
040, subspaces by VSD transformation, and then to the
dg domain. The off subspace is the subspace which con-
tains the fundamental frequency plus the hth harmonic,
h=12m=1 and m=1,2,3..., the xy subspace is the sub-
space which contains the ky, harmonic, k=121£5,
1=0,1,2,3..., i.e. the 5t harmonic and so on, and the 0405
subspace is the subspace for all the zero sequence har-
monics. In case for example of a 6-phase electrical ma-
chine the 3rd harmonic is zero if the two neutrals are not
connected, and if the neutrals are connected, the 0,0,
subspace is the subspace for the 3 harmonic.

[0004] By using several parallel proportional-integral
regulators, the voltage references for each different har-
monic subspace can be calculated. For the VSD trans-
form to be applied, information of all the machine currents
is needed. Therefore, a central controller which receives
the measured currents and generates the voltage refer-
ences or control signals is required. Afterward, each drive
receives control signals and produces the switching puls-
es independently.

SUMMARY

[0005] Owing tothe aforementioned reasons, the VSD
approach cannot be applied to cases where a master-
follower configuration is required forimproved redundan-
cy. A communication link of high bandwidth is needed
forexchanging information aboutthe phase currents from
the master to the follower, and vice versa. Also, when
the main controller is subjected to a fault, the remaining
drive(s) cannot continue to operate and drive the healthy
winding set(s) of the electrical machine because the ma-
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chine is centrally controlled.

[0006] In view of the above, an object of the present
disclosure is to provide a method of controlling a multi-
phase electrical machine which solves, or at least miti-
gates, the problems of the prior art.

[0007] There is hence according to a first aspect of the
presentdisclosure provided a method of controlling a 3n-
phase electrical machine by means of n power converters
each being controlled by a respective controller, and
each power converter being configured to power a re-
spective set of three phases of the electrical machine,
wherein the method for each controller comprises: a) ob-
taining measured currents only of the set of three phases
of the electrical machine controlled by the respective con-
troller, b) estimating all currents of all the other sets of
three phases of the electrical machine, which are con-
trolled by the other controllers, c) transforming the meas-
ured currents and all the estimated currents using vector
space decomposition, VSD, to obtain a set of VSD cur-
rents, and d) controlling the corresponding power con-
verter based on the VSD currents.

[0008] The coupling effects among the winding sets of
the 3n-phase electrical machine may thereby be mini-
mised, even when a master-follower configuration is
used. Further, the power converters can operate inde-
pendently without the need for a central controller or a
communications link. Moreover, the fault tolerance is im-
proved in case the main controller goes out of operation,
and enables current sharing.

[0009] The estimated currents are components corre-
sponding to all the other sets of three phases controlled
by the other controllers. The estimated currents may be
represented by a vector in the rotor reference frame or
in the stator reference frame.

[0010] According to one embodiment in step b) all the
currents are estimated using a current reference vector
of the fundamental frequency subspace for all the power
converters obtained by VSD transformation and the
measured currents to obtain the estimated currents.
[0011] According to one embodiment the estimated
currents are obtained by subtracting the measured cur-
rents from the current reference vector of the fundamen-
tal frequency subspace transformed to the stator refer-
ence frame and multiplied by n.

[0012] One embodiment comprises transforming the
measured currents and the estimated currents to a rotor
reference frame and using these in step c) to obtain the
VSD currents.

[0013] One embodiment comprises combining the
VSD currents with setpoint current values to obtain con-
trol errors, and obtaining control signals based on the
control errors, wherein in step d) the controlling is based
on the control signals.

[0014] One embodiment comprises transforming the
control signals from a rotor reference frame to the abc
reference frame using inverse VSD to obtain the control
signals in the abc reference frame only for the controller
in question.
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[0015] There may according to one variation be an in-
termediate step of transforming the control signals from
the rotor reference frame to the stator reference frame,
and transforming the control signals from the stator ref-
erence frame to the abc reference frame using inverse
VSD.

[0016] According to one embodiment n is equal to 2.
[0017] According to one embodimentin step a) the ob-
tained measured currents are only of the set of three
phases of the electrical machine controlled by the re-
spective controller.

[0018] According to one embodiment the method for
each controller further comprises: obtaining measured
currents of the set of three phases of the electrical ma-
chine controlled by the other controller or controllers,
comparing the sum of measured currents of the set of
three phases of the electrical machine controlled by the
other controller or controllers with the sum of the estimat-
ed currents, and concluding, on the basis that the meas-
ured currents differs from the estimated currents by more
than a threshold value, that a fault is present.

[0019] In embodiments where n is larger than 2, the
currents of all the 3*(n-1) windings can be estimated
summed together. The estimated summed currents may
then be shared based on the power sharing of the power
converters, which is known in all the controllers. Vector
components of the estimated summed currents may
hence be identified and associated with different power
converters based on the power sharing of the power con-
verters. Based on this identification and association, the
VSD transform may be performed in step c).

[0020] There is according to a second aspect of the
present disclosure provided a computer program com-
prising computer code which when executed by process-
ing circuitry of a control system causes the control system
to perform the steps of the method according to the first
aspect.

[0021] Thereis according to a second aspect provided
a system for controlling a 3n-phase electrical machine
by means of n power converters, each power converter
being configured to control a respective set of three phas-
es, wherein the control system comprises n controllers
each configured to control a respective power converter
by performing the steps of the method of the first aspect.
[0022] Thereis according to a third aspect provided an
electrical machine system comprising: a 3n-phase elec-
trical machine, n power converters configured to be con-
nected to the electrical machine for controlling respective
sets of three phases of the electrical machine, and a con-
trol system according to the second aspect, wherein each
of the n controllers is configured to control a respective
power converter.

[0023] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, etc." are to be interpreted openly as refer-
ring to at least one instance of the "element, apparatus,
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component, means, etc.", unless explicitly stated other-
wise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The specific embodiments of the inventive con-
cept will now be described, by way of example, with ref-
erence to the accompanying drawings, in which:

Fig. 1 schematically shows an example of a control
system for controlling an electrical machine; and

Fig. 2 schematically shows a block diagram of the
control system in an electrical machine system.

DETAILED DESCRIPTION

[0025] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which exemplifying embodiments are
shown. The inventive concept may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather,
these embodiments are provided by way of example so
that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to
those skilled inthe art. Like numbers refer to like elements
throughout the description.

[0026] Fig. 1 shows an example of a control system 1
for controlling a multi-phase electrical machine, such as
a multi-phase motor or a multi-phase generator, having
a stator and a rotor, by means of n power converters,
such as n drives. By a multi-phase electrical machine is
meant an electrical machine with more than three elec-
trical phases. The multi-phase machine may be a 3n-
phase machine, where n is an integer equal to or greater
than 2. The electrical machine may be a synchronous
machine or an asynchronous machine.

[0027] The control system 1 comprises a plurality of
controllers C1 to Cn. Each controller C1 to Cn is config-
ured to control a respective set of phases of the multi-
phase machine by means of a respective power convert-
er. Each controller C1 to Cn may for example be config-
ured to control a respective set of three phases of the
electrical machine.

[0028] The control system 1 comprises processing cir-
cuitry. The controllers C1 to Cn may be implemented by
means of the processing circuitry. Depending on the type
of processing circuitry, the control system may also com-
prise one or more storage medium. The one or more
storage medium 3 comprises computer code which when
executed by the processing circuitry causes the control
system 1 to perform the steps of the methods described
herein.

[0029] The processing circuitry may for example use
any combination of one or more of a suitable central
processing unit (CPU), multiprocessor, microcontroller,
digital signal processor (DSP), application specific inte-
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grated circuit (ASIC), field programmable gate arrays
(FPGA) etc., capable of executing any herein disclosed
operations concerning control of an electrical machine
by means of n power converters.

[0030] The/each storage medium may for example be
embodied as a memory, such as a random access mem-
ory (RAM), a read-only memory (ROM), an erasable pro-
grammable read-only memory (EPROM), or an electri-
cally erasable programmable read-only memory (EEP-
ROM) and more particularly as a non-volatile storage me-
dium of a device in an external memory such as a USB
(Universal Serial Bus) memory or a Flash memory, such
as a compact Flash memory.

[0031] Each controller C1 to Cn may comprise a com-
munications interface including an input device and an
output device. The input device is configured to receive
respective measured currents of electrical phases of the
electrical machine that are controlled by the controller in
question. For each controller, the measured currents can
be obtained from one or more current sensors arranged
to measure the currents of the corresponding electrical
phases of the electrical machine. The measured currents
are typically stator currents. The controllers are config-
ured to process the respective measured currents to ob-
tain control signals. Each output device is configured to
transmit the control signals to control the corresponding
power converter.

[0032] Fig. 2 shows an example of a realisation of the
control system 1, in terms of functional blocks. The func-
tional blocks may be implemented in software and/or
hardware. The control system 1 is configured to control
n power converters 3a, 3b configured to control an elec-
trical machine 7. The control system 1, the n power con-
verters and the electrical machine 7 form an electrical
machine system 9.

[0033] In the example in Fig. 2 the control system 1
includes exactly two controllers C1 and C2 and exactly
two power converters 3a and 3b. The electrical machine
system 9 in the example in Fig. 2 is a 3*2-phase electrical
machine, i.e. a 6-phase electrical machine. The control
system 1 could alternatively include more than two con-
trollers and a corresponding number of power converters.
[0034] Each controller C1 and C2 is configured to con-
trol a respective power converter 3a and 3b. The first
controller C1 is configured to control the first power con-
verter 3a. The first power converter 3a is configured to
control a set of three electrical phases. The second con-
troller C2 is configured to control the second power con-
verter 3b. The second power converter 3b is configured
to control a set of three electrical phases disjoint from
the set controlled by the first power converter 3a.
[0035] The control system 1 is configured to control
the electrical machine 7 based on the VSD approach.
The VSD approach allows describing the dynamic be-
haviour of certain odd harmonics in a multi-phase elec-
trical machine. The certain odd harmonics include the
fundamental frequency i.e. the 15t harmonic, the 34 har-
monic, the 5t harmonic, etc. up to the number of phases
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m if m is an odd number or up to the number of phases
minus one, i.e. m-1, if m is an even number.

[0036] A plurality of current sensors may be configured
to measure the phase current iy, i, ..., i3, in each phase
of the 3n phases of the electrical machine 7. The current
sensors configured to measure the phase currents of a
set of phases controlled by the first controller C1 are con-
figured to send the measured currents to the first con-
troller C1. The current sensors configured to measure
the phase currents of a set of phases controlled by the
first controller C1 may be configured to send the meas-
ured currentsia, 1, ib,1 and ic,1 only to the first controller
C1.

[0037] The current sensors configured to measure the
phase current of a set of phases controlled by the second
controller C2 are configured to send the measured cur-
rents ia,2, ib,2 and ic,2 to the second controller C2. The
current sensors configured to measure the phase current
of a set of phases controlled by the second controller C2
may be configured to send the measured currents only
to the second controller C2.

[0038] The blocks 15a to 23a vertically above the line
5 operate completely independently from the blocks 15b
to 23b located vertically below the line 5 in Fig. 2, except
that they share the torque or speed reference with each
other to find the current reference.

[0039] The first controller C1 comprises a first control-
ler first transformation block 11a. The second controller
C2 comprises a second controller first transformation
block 11b. These transformation blocks 11a and 11b
have the same functionality.

[0040] Thefirstcontrollerfirsttransformation block 11a
is configured to obtain and transform only the measured
currents ia,1, ib,1 and ic,1, i.e. the phase currents of the
set of three phases that the first controller C1 controls,
to the rotor reference frame, i.e. the dg-frame. The rotor
reference frame currents id,1, iq,1, and io,1 for this set
of phases are hence obtained. io,1 denotes the zero-
sequence current for the set of windings controlled by
the first controller 3a.

[0041] The second controller first transformation block
11b is configured to obtain and transform only the meas-
ured currents ia,2, ib,2 and ic,2, i.e. the phase currents
of the set of three phases that the second controller C2
controls, to the rotor reference frame, i.e. the dg-frame.
The rotor reference frame currents id,2, iq,2, and io,2 for
this set of phases are hence obtained. i0,2 denotes the
zero-sequence current for the set of windings controlled
by the second controller 3b.

[0042] The above transformations are also based on
the electrical angle 6m of the electrical machine 7.
[0043] The first controller C1 comprises a first current
estimator 13a. The second controller C2 comprises a
second current estimator 13b. The first current estimator
13a is configured to estimate all the currents of all the
other sets of three phases of the electrical machine 7
than those controlled by the first controller C1. In this
example, the first current estimator 13a is configured to
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estimate the measured currents ia,2, ib,2 and ic,2, sent
by the current sensors to the second controller C2, how-
ever in the stator reference frame or in the rotor reference
frame.

[0044] The second current estimator 13b is configured
to estimate all the currents of all the other sets of three
phases of the electrical machine 7 than those controlled
by the second controller C2. In this example, the second
current estimator 13b is configured to estimate the cur-
rents ia, 1, ib,1 and ic,1, sent by the current sensors to
the first controller C1, however in the stator reference
frame or in the rotor reference frame.

[0045] The current estimation may be based on the
following equation, which provides a relationship be-
tween the VSD and DTP approaches:

n
1
r— — _ r—
lapvsp = n Lap,iDTP
i=1
i—)
where aBvSD denotes the current vector of the funda-

mental frequency subspace for all the currents, in the

s
. l .
stator reference frame. In the equation, aBVSD g se-

L->1<
lected to be 4998 transformed to the stator reference

I3
frame. qu"xﬁ is the current reference vector of the fun-
damental frequency subspace in the rotor reference
frame i.e. the current reference vector for the o3 sub-
space in the rotor reference frame, that is the dg-frame.
L-—)
ap,iDTP is the current vector of thei:th set of measured
currents in the stator reference frame, i.e. the afj-frame.
This current vector is hence not in the VSD domain. The
current reference vector of the fundamental frequency

3%
subspace ldql‘xﬁ transformed to the stator reference
frame is hence equal to the sum of the measured currents
in the stator reference frame for each of the n controllers,
divided by n.

[0046] In the present example, where n=2, one of the
terms in the sum is known as it is the output from either
the first controller first transformation block 11a or from
the second controller first transformation block 11b, de-
pending which of the first current estimator 13a and the
second current estimator 13b is under consideration.
[0047] For the first current estimator 13a, the term for
i=1in the sumis idqg,1 transformed to the stator reference
frame. The vector idq,1 consists of the rotor reference
frame currents id,1, ig,1, and io,1. The transformation
from the rotor reference frame to the stator reference
frame can be performed based on the electrical angle
Om, which is an input to both current estimators 13a and
13b. The unknown term is in this case the component for
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i=2 in the sum.

[0048] For the second current estimator 13b, the term
for i=2 in the sum is idq,2 transformed to the stator ref-
erence frame. The vector idq,2 consists of the rotor ref-
erence frame currents id,2, iq,2, and io,2. The unknown
term is in this case the component for i=1 in the sum.
[0049] Thus, by means of the equation above, all the
currents of the set of three phases controlled by the sec-
ond controller C2 may be estimated by the first controller
C1 and all the currents of the set of three phases con-
trolled by the first controller C1 may be estimated by the
second controller C2.

[0050] The first current estimator 13a is configured to
transform all the estimated currents to the rotor reference
frame. The second current estimator 13b is configured
to transform all the estimated currents to the rotor refer-
ence frame.

[0051] The estimated currents from the first current es-
timator 13a after having been transformed from the stator
reference frame to the rotor reference frame are denoted
idq, 2. The estimated currents from the second current
estimator 13b after having been transformed from the
stator reference frame to the rotor reference frame are
denoted 7dq, 1.

[0052] The estimated currents idg, 2 from the first cur-
rent estimator 13a are provided to a first VSD transform
block 15a together with the rotor reference frame currents
id,1,iq,1, and io, 1, associated with the first controller C1.
The first VSD transform block 15a if configured to trans-
form these currents using the VSD transform to obtain a
set of VSD currents. The control of the first power con-
verter 3a is based on the set of VSD currents obtained
from the first VSD transform block 15a.

[0053] The estimated currents idq, 1 from the second
current estimator 13b are provided to a second VSD
transform block 15b together with the rotor reference
frame currents id,2, igq,2, and io,2, associated with the
second controller C2. The second VSD transform block
15b if configured to transform these currents using the
VSD transform to obtain a set of VSD currents. The con-
trol of the second power converter 3b is based on the set
of VSD currents obtained from the second VSD transform
block 15b.

[0054] The VSD currents are sent from the first VSD
transform block 15a to respective first combiners 17a to
combine each VSD current with a corresponding setpoint
currentvalue inthe VSD domain, i.e.in the corresponding
subspaces. For example, the setpoint current value
i*d,af denotes the setpoint current value in the af3-sub-
space of the VSD transform for the d-component of the
current in the rotor reference frame. Each first combiner
17a determines the difference between the correspond-
ing VSD current and the corresponding setpoint current
value to obtain the control error.

[0055] The VSD currents are sent from the second
VSD transform block 15b to respective second combin-
ers 17b to combine each VSD current with a correspond-
ing setpoint current value in the VSD domain, i.e. in the
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corresponding subspaces. The setpoint current values
provided to the second combiners 17b are the same as
for the first combiners 17a.

[0056] Each second combiner 17b determines the dif-
ference between the corresponding VSD current and the
corresponding setpoint current value to obtain the control
error.

[0057] The control errors from the first combiners 17a
are provided to respective first current controllers 19a.
The first current controllers 19a may be proportional-in-
tegral (PI) regulators. The first current controllers 19a
process the control errors from the first combiners 17a
to obtain respective control signals. The control signals
are in the present example voltage references. For ex-

E3
u
ample, d.aB denotes the d-component voltage refer-

%

ence in the aff subspace, and ud,xy denotes the d-
component voltage reference frame in the xy subspace.
[0058] The control errors from the second combiners
17b are provided to respective second current controllers
19b. The second current controllers 19b may be Pl-reg-
ulators. The second current controllers 19b process the
control errors from the second combiners 17b to obtain
respective control signals. The control signals are in this
example voltage references.

[0059] The first current regulators 19a and the second
current regulators 19b may be configured to operate
completely independently from each other.

[0060] The exemplified control system 1 comprises a
first inverse transform block 21a and a second inverse
transform block 21b. The first inverse transform block
21ais configured transform the voltage references output
by the first current regulators 19a to the stator reference
frame. The voltage references are at this stage still in the
VSD domain. Hence, the output from the first inverse

u*
transform block 21a are the voltage reference af in
the stator reference frame in the o subspace, the voltage
%

reference ~ XV in the stator reference frame in the xy

U012 in the stator

subspace, and the voltage reference
reference frame in the 0102 subspace.

[0061] The second inverse transform block 21b is con-
figured transform the voltage references output by the
second current regulators 19b to the stator reference
frame. The voltage references are at this stage still in the
VSD domain. Hence, the output from the second inverse

u*

transform block 21b are the voltage reference ap in
the stator reference frame in the o.f subspace, the voltage

*

reference 2 in the stator reference frame in the Xy

subspace, and the voltage reference u
reference frame in the 0102 subspace.
[0062] The first inverse transform block 21a may be

E3
012 in the stator
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configured to perform an inverse Park transform. The
second inverse transform block 21b may be configured
to perform an inverse Park transform.

[0063] The voltage references in the stator reference
frame obtained from the first inverse transform block 21a
are provided to a first inverse VSD transform block 23a
configured to transform the voltage references from the
VSD domain to the abc reference frame to obtain abc

* * u*

voltage references Ua,15 Up,15 gng 6L forthe phas-
es controlled by the first power converter 3a. The abc

* * £

u u u .
voltage references ~ @1° “P.1? gnd “C.1 gre provided
to the first controller 3a, which based on the abc voltage

* * %
u u

references ~@1? Ub.1» ang Ye1 controls the corre-
sponding set of three phases of the electrical machine
E3

E3
u
7.Inparticular, the abc voltage references ua,l » b1

*
and Uca are used for modulating switches of the first
controller 3a to generate voltages u, 4, Uy, 1, and u, 4 for
controlling the set of windings controlled by the first con-
troller 3a.

[0064] The voltage references in the stator reference
frame obtained from the second inverse transform block
21b are provided to a second inverse VSD transform
block 23b configured to transform the voltage references
from the VSD domainto the abcreference frame to obtain

* * ES
abc voltage references Ua,zs Up2> gng Y2 for the
phases controlled by the second power converter 3b. The
* * *
abc voltage references Ua,2> Ub2s ang Ub,2 are pro-
vided to the second controller 3b, which based on the
* * *
abc voltage references Ug2> Up,2> ang Y2 controls
the corresponding set of three phases of the electrical
machine 7. In particular, the abc voltage references
* K *

Ug,25 Up,25 ang Ue,2 are used for modulating switch-
es of the first controller 3a to generate voltages u, 5, Uy, ,
and u, , for controlling the set of windings controlled by
the second controller 3b.

[0065] According to one variation, each controller may
obtain the measured currents associated with the other
controllers. This may for example be achieved by means
of a communications link such as a low bandwidth com-
munications link, between the controllers. The sum of
these measured currents may be compared with the sum
of the estimated currents. The control system may be
configured to conclude, on the basis that the measured
currents differs from the estimated currents by more than
a threshold value, that a fault is present in the electrical
machine or in the communications link.

[0066] If there is a fault, for example, in a winding set,
then the controller could detect the faulty winding by re-
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peating the estimation of the sum of the currents of the
all except one of the winding sets, leaving the currents
of one winding set out of the equation each time. By com-
paring the sums of the estimated and measured currents,
the faulty winding set could be located.

[0067] The inventive concept has mainly been de-
scribed above with reference to a few examples. How-
ever, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above
are equally possible within the scope of the inventive con-
cept, as defined by the appended claims.

Claims

1. A method of controlling a 3n-phase electrical ma-
chine (7) by means of n power converters (3a, 3b)
each being controlled by a respective controller
(C1,...Cn), and each power converter (3a, 3b) being
configured to power a respective set of three phases
of the electrical machine (7), wherein the method for
each controller (C1,...Cn) comprises:

a) obtaining measured currents (ia,1, ib,1, ic,1,
ia,2, ib,2, ic,2) of the set of three phases of the
electrical machine (7) controlled by the respec-
tive controller (C1,...Cn),

b) estimating all currents (7dq, 2, idq, 1) of all the
other sets of three phases of the electrical ma-
chine (7), which are controlled by the other con-
trollers (C1,...Cn),

c) transforming the measured currents (ia,1,
ib,1, ic,1, ia,2, ib,2, ic,2) and all the estimated
currents (idq, 2, idq, 1) using vector space de-
composition, VSD, to obtain a set of VSD cur-
rents, and

d) controlling the corresponding power convert-
er (3a, 3b) based on the VSD currents.

2. The method as claimed in claim 1, wherein in step
b) all the currents are estimated using a current ref-
erence vector of the fundamental frequency sub-

IE
space (qu,aﬁ) for all the power converters (3a,
3b) obtained by VSD transformation and the meas-
ured currents (ia, 1, ib,1,ic,1, ia,2, ib,2, ic,2) to obtain
the estimated currents (idq, 2, idq, 1).

3. The method as claimed in claim 2, wherein the esti-
mated currents are obtained by subtracting the
measured currents (ia,1, ib,1, ic,1, ia,2, ib,2, ic,2)
from the current reference vector of the fundamental

IE3
frequency subspace aq.ap transformed to the
stator reference frame and multiplied by n.

4. The method as claimed in any of the preceding
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10.

1.

claims, comprising transforming the measured cur-
rents (ia,1,ib,1,ic,1,ia,2,ib,2, ic,2) and the estimated
currents to a rotor reference frame and using these
in step c) to obtain the VSD currents.

The method as claimed in any of the preceding
claims, comprising combining the VSD currents with
setpoint current values to obtain control errors, and
obtaining control signals based on the control errors,
wherein in step d) the controlling is based on the
control signals.

The method as claimed in claim 5, comprising trans-
forming the control signals from a rotor reference
frame to the abc reference frame using inverse VSD
to obtain the control signals in the abc reference
frame only for the controller in question.

The method as claimed in any of the preceding
claims, wherein n is equal to 2.

The method as claimed in any of the preceding
claims, wherein in step a) the obtained measured
currents (ia,1, ib,1, ic,1, ia,2, ib,2, ic,2) are only of
the set of three phases of the electrical machine (7)
controlled by the respective controller (C1,...Cn).

The method as claimed in any of claims 1-7, wherein
the method for each controller (C1,...Cn) further
comprises:

obtaining measured currents of the set of three
phases of the electrical machine controlled by
the other controller or controllers,

comparing the sum of the measured currents of
the set of three phases of the electrical machine
(7) controlled by the other controller or control-
lers (C1,...Cn) with the sum of estimated cur-
rents, and

concluding, on the basis that the measured cur-
rents differs from the estimated currents by more
than a threshold value, that a fault is present.

A computer program comprising computer code
which when executed by processing circuitry of a
control system (1) causes the control system (1) to
perform the steps of the method as claimed in any
of claims 1-9.

A control system (1) for controlling a 3n-phase elec-
trical machine (7) by means of n power converters
(3a, 3b), each power converter (3a, 3b) being con-
figured to control a respective set of three phases,
wherein the control system (1) comprises n control-
lers (C1,...Cn) each configured to control a respec-
tive power converter (3a, 3b) by performing the steps
of the method as claimed in any of claims 1-9.
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12. An electrical machine system (9) comprising:

a 3n-phase electrical machine (7),

n power converters (3a, 3b) configured to be
connected to the electrical machine (7) for con-
trolling respective sets of three phases of the
electrical machine (7), and

a control system (1) as claimed in claim 11,
wherein each of the n controllers (C1,...Cn) is
configured to control a respective power con-
verter (3a, 3b).
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